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<£) Fibrous microwave susceptor packaging material. 



© New composite materials useful for wrapping food items to be cooked by microwave energy comprise 
drapable, liquid permeable, woven or non-woven, fibrous dielectric substrates, which substrates, or fibers of 
which substrates, are coated and/or imbibed with one or more susceptor materials. The composite materials, 
when wrapped around a food item to be cooked by microwave energy, enhance the browning and/or crispening 
of the items. 
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FIBROUS MICROWAVE SUSCEPTOR PACKAGING MATERIAL 



BACKGROUND OF THE INVENTION 
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This invention relates to materials useful for enhancing the browning, crisping, flavor and aroma of 
foods cooked in microwave ovens. 

Food preparation and cooking by means of microwave energy has, in recent years, become widely 
Practiced as convenient and energy efficient. Microwave cooking of precooked and uncooked food products 
has traditionally produced bland-appearing and soggy meats and pastry goods. To alleviate this problem 
and aid the browning and crispening of the surface of a cooked food item, there have been developed a 
number of packaging materials specially adapted for use in microwave cooking. Many such known 
packaging materials incorporate a microwave susceptor material, i.e.. a material capable of absorbinq the 
electnc or magnetic portion of the microwave field energy to convert that energy to heat. 

U.S. 4 267,420 to Brastad discloses a packaging material which is a plastic film or other dielectric 
substrate having a thin semiconducting coating. A food item is wrapped in the coated film so that the film 
conforms to a substantial surface portion of the food item. On exposure to microwave energy, the film 
converts some of that energy into heat which is transmitted directly to the surface portion so that a 
browning and/or crispening is achieved. 

U.S. 4.518.651 to Wolfe discloses flexible composite materials exhibiting controlled absorption of 
microwave energy comprising a porous dielectric substrate coated with electrically conductive particles 
such as particulate carbon, in a thermoplastic dielectric matrix. The porous substrate is a sheet or web 
material, usually paper or paperboard. The patent implies that the porosity of the substrate is necessary so 
mat the susceptor/thermoplastic matrix is adequately absorbed. 

U.S. 4.434,197 to Petriello et al. discloses a flexible multi-layer structure having at least one layer 

22? W I f P ' 9ment and/ ° r ener9y abSOrber with the ' outer *"° la y ers consisting of pure poly- 
tetrafluoroemytene to provide a food contacting surface. Disclosed as suitable energy absorbers are 
colloidal graphite, carbon and ferrous oxide. e 

n^tr 4 ^' 92 V° 5 ra8tad ..f t aL diSdOSeS 8 f,exib,e wrappin9 sh8et of die,ectric material, such as 
polyester or paperboard, capable of conforming to at least a portion of the shape of a food article and 

n'lT 3 !f meta,,,C C ° atin9 there ° n - The coatin 9- e -9- of chromium, tin oxide siiver or 

the food SenUhereto miCr ° Wave enerQy int0 thermal ener 9 y so as t0 brown or crispen that portion of 

h m Ii^ ab T* Cited pate " ts . aN disclose f,exible materia| s "sed for wrapping around a food item to achieve 
browning and crispening during microwave cooking. An alternate approach was suggested in U.S 4 190 757 
h*™" ?♦ I 8 P3tent disc,0S9S a Paperboard carton having a lossy microwave energy absorber which 
becomes hot when exposed to microwave radiation. The package also preferably includes a shield eg a 

E2Ll? 8n T 3 m6tal f0i ' C0V6r haVi " 9 h °' eS therein - t0 reduce b * a contro,led a ™"<* the dfr'ect 
transmission of m.crowave energy into the food product. The patent notes that, as heating occurs, moisture 
vapor and stream is vented through the openings in the shield, thereby maximi 2 ing the opportunity for 
moisture to be driven out of the food product and for the food product to become crisp opportun,ty for 
Another patent which recognizes the desirability of providing in microwave packaging materials a means 

Zf7Z?5S* b /- pr ° dUCtS iS U S - 4,39a554 l ° LevinSOn - Un,ike the Preceding 9 patents, however Z 
goal of the 554 patent was not to achieve browning and crispening of a food but to overcome soot 

«n!?Z ed98 . heatin 9- A,so unlike preceding patents, the packaging system of the '554 patent 
fo^L ^I^hh" 110 ^ 6 SUSC8Pt0r materiaL ' n the d,SC,0sed P ack e9ing system, a food item is enclosed 
Ld hv or«H S h 3 P f ° rated ^ fl ' m WhiCh iS 6nd0Sed in a Microwave-permeable, water and 

S£J?2I 1 « absorptive material, all of which are enclosed by a microwave-permeable, liquid-barrier 
plastic film all of which are enclosed by a microwave-permeable, heat-insulating material. The absorptive 
material absorbs liquid escaping during cooking and then itself becomes microwave absorptive, reducing 
so the amount of microwave energy reaching certain areas of the food. 

As the above-mentioned patents indicate, there has been no shortage of proposed packaging materials 
for ameliorating the problems inherent in microwave cooking. Despite all of these efforts, and a number of 
packaging materials currently available for packaging foods for microwave cooking, it is generally recoq- 
mzed « the trade that certain types of foods are extremely difficult to cook satisfactorily by microwave. 
• These foods are foods which should ideally have a browned or crispened exterior and a moist interior such 
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as egg rolls, fish sticks, french fries, fried chicken and dough-type products. The present invention relates to 
new packaging materials which can be used to package a variety of foods for microwave cooking, which 
can enhance the crisping, browning, flavor and aroma of the packaged foods when cooked by microwave 
without substantially lengthening the required cooking time, and are especially useful for packaging and 
5 cooking the aforementioned "difficult" foods. 



SUMMARY OF THE INVENTION 

70 

The new composite materials of this invention comprise drapable, liquid permeable, woven or non- 
woven, fibrous dielectric substrates, which substrates, or fibers of which substrates, are coated and/or 
imbibed with one or more susceptor materials. By virtue of their being drapable, the composite materials of 
this invention are capable of conforming substantially to the shape of the food item to be browned or 
75 crispened. The susceptor material thereon converts a portion of the incident microwave radiation to heat 
which imparts rapid browning and/or crispening to the exterior surface of the wrapped food item without 
impeding appreciably the rate at which the interior regions of the food item is heated. The composite 
material also allows moisture evolved during heating of the food item to readily escape as vapor, thereby 
aiding and hastening browning and crispening of the food surface. 

20 

DETAILED DESCRIPTION OF THE INVENTION 



25 One feature distinguishing the composite material of this invention from the composite susceptor 
materials known in the art is their permeability to liquids. For the purpose of this invention, liquid 
permeability is defined as the ability of the composite material to absorb and transmit liquids, as further 
described below. When many of the prior art microwave packaging materials (e.g., susceptor-coated films) 
are used to wrap foods for microwave cooking, the moisture evolved during cooking is driven back into the 

30 interior of the food, or allowed to collect at the inner surface of the packaging material. In contrast, when the 
composite materials of this invention are used, the surface moisture escapes to the pore area of the fabric 
where it can couple with the incident electromagnetic field and rapidly evolve as vapor to the environment 
as the susceptor heats up to temperatures above that of the food. The result is that the food surface 
becomes dry so that it can be browned and crisped under the influence of the higher temperature material 

35 nearby. Thus, faster cooking rates and a more pleasing result can be achieved using the composite 
materials of this invention as opposed to susceptor films of the prior art. 

The fibrous substrates useful in this Invention may be woven or nonwoven. Nonwoven materials include 
spunbonded or spunlaced products. The substrates may be made from such fibrous materials including but 
not limited to cotton, cellulose, jute, hemp, acetate, fiberglass, wool, nylon, polyester, aramid, poly- 

40 propylene, and other polyolefins. Examples of suitable substrates include woven cotton cloth, paper, rayon 
"Dacron" polyester, cloths woven of "Nomex" or "Kevlar" aramid fibers, "Sontara" spunlaced fabric, 
"Typar" spunbonded polypropylene, "Tyvek" spunbonded olefin sheets and "Reemay" spunbonded 
polyester. ("Dacron", "Nomex", "Kevlar", "Sontara", "Typar", "Tyvek", and "Reemay" are all trademarks 
of E. I. du Pont de Nemours and Company, Wilmington, Delaware.) Of course, the substrate should be a 

45 material which has sufficient thermal and dimensional stability at the high temperatures which may be 
desired for browning foods in a microwave oven, generally as high as 110 degrees C and above, and often 
as high as 175 degrees C and above. High temperature-resistant or non-melting fibrous substrates such as 
cotton, paper or fiberglass fabrics are preferred because they are more likely to withstand the high 
temperatures achieved during microwave cooking. 

so For rapid browning/crispening, it is important that the evolved moisture from the food product be 
vaporized rapidly. It is believed that this is achieved by maximizing, to the extent possible, both the heat 
transfer surfaces of the composite material (to facilitate a large susceptor-activated surface for generating 
high heat flux) and the mass transfer surface of the composite material (i.e., maximizing the openings 
through which moisture can escape). Obviously, these two goals compete with one another. To increase the 

55 heat transfer surfaces of the composite material, i.e., maximize the susceptor-activated surface for 
generating high heat flux, one might increase the denier of the fibers in the substrate and increase the 
thread count of the substrate so that there is more area on which to apply susceptor. To maximize the mass 
transfer surface of the composite material, i.e.. maximize its ability to absorb and transmit moisture, one 

3 
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zzzrz^rz sjs^^-sk rz r< thread count in a — sub — - 

balancing these competing need ^ as we5 as fhP *fT*Z ™ teria> must thus be determined by 

substrate material J have .TSSLST^^ITlErr T *! SUbStra,e be drapable ' Genera,, y- *• 

As previously mentioned the SUS ^to/ JSUSS If' Preferab ' y between about 9 and 40 mil *- 
substrate, or fibers of th sSstrate ^SLSTS?! "! ^ ° nt ° andtor imbibed into *e 

field components of thTlSSJ enioTto T ***** * abSOTbin9 *" 6,eCtriC or ma 9 netic 
in the art and include mSSTZS? as S TrZl ^ *° ^ Ma " y SUCh materials are k ™w" 

zinc, silver, gold, aluminum and iLS^SS?' h 0 '^ .T' ybdenum ' b ™ 2 *. ««n. chromium, tin. " 
ro nickeMron/molybdenum altoy Tie T pLTovTnL^ f Stam ' eSS St8e ' Oron - Chromium ' nickel 

ailoys (e.g.. Hypernick). all ****** 

occunng microwave susceptive food ingredients or flaS sue £ ^ J5^J^ ^ natun ^ 
molasses, honev maDle svnm ^ra^i » , "<*vors sucn as poly and mono-sacchar des (e.q 

flavoring agents e ? salted oil' SSLl T- laCt ° SSl 3nd 9 ' UC0Se > and ioni ^«y conduct ve 

* the composites S^r TS^^^^^Z^^ " "* m3terial * 

polyaniline. polypyrrole and t^^iSL ♦ . sus ceptor materials are conductive polymers such as 
chloride w irKS^ lonic inductors such as sodium 

susceptor LeZ^teZTeV a mTre'oT mSalT ? m3teria,S - of 

susceptive food ingredient et3 ' S ° r a " 0yS ' or a mixture of a metal with a 

20 -gl^^ Whi ? TP— * «, the electric and the 

(AD-5573), filed ! simultaneous^ herew ^^^^1 T' f f' SC ' 0sed in spending application EP-A- 
another preferred embed EST^SE^S^ 7? ? ^ incor P orated b * ^rence. in 
disclosed in copending app.icatfon EP^A-S 242 9si * *** *" * Preferab,y alumin ^ * 

" «a^usc^ As that copending application discloses, the 

10) may be dispersed in a IZi^SJS!^^^^ * it5 , thiCkneSS * * ,eaSt about 
in the thermoplastic matrix will aen^a^r™ w * ,f\ c p0,yester co P o| y mer The susceptor level 
susceptor/matrix. A solutW S su^SwS k 5 t0 8 ° % by we, ' 9nt of tne combi "ed 

30 of coating or printing processed f e g ^2^^ ^"t^J SUbsfrate mate ' ial b * any number 
should be uniform and isotropic 9 * tln9 ' T ° adl ' eve best results ' the su ^eptor coating 

aPP^I^ » a number of method, They may be 

as a finish application prior towJSS orf^lt k f " ° f eX3mp,e ,n the extrusion P rocess °' later 
the susceptor may be mbibe^n th! Z^T° ****** the case of «bers. 

Finally, the • wac^wSSi^ P ' nn,n9 S ° ,Uti ° n bef0re the S0,Uti0n is spun into 

not limited to v«SXL5taJ^2££ ° f n ° nW ° Ven SUbStrate USi " 9 methods in <^S but 

and electrolytic processe^T^^ fre « uency W** printing 

composite material, as well as its ab Mtv toTanlm* tba heato " 9 ^P 3 ^ and moisture permeability of the 
fibers are treated with the susceoto ^L°, T I m,Crowave ener 9V- is enhanced when multifilament 
materia, itself). ,t is ^. eved that S iT so because J£ T ** ° r the f,niShed subst ^ 

capacity and moisture i^ J^S^^^^^^ T Enh3nCed heatin9 

ssKsr wh,,e increased — ^ 

of th?~ a^^** b h S « - —V -se the temperature 
surface but should also not mj£££l££ ^ ^J^Z" 9 ^V*"" 9 ° f adjaCent food 
item being cooked. In other words food t«mT J * m,crowave ener Sy to penetrate into the food 

be capable of being coT^ Zt^ToT JsZ^ * C ° mP ° Site materia ' S ° f this inventio " sh °"« d 
it would take to cook the same ZZ T, n f °1„^T 1 y microwa ve energy in substantially less time than 

relation to the microwave sWn depth ^Scro^vT OVe "/ C ° ntr0 " in9 ^ thiCkneSS ° f the in 
reflection, absorption, and Emission T^ZT" t ^ 3 pr ° per balance betwee " 

optimizes the surface heating ToT crislo and broT- ^ at ° r " 9ar the food surface - ^is 
transmitted through the compos te materia? so 1 1 33 We " 33 the 3m ° Unt of microwave *™W 
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of this invention, however. To quantify the amount of metal coated on a film, for example, D.C. surface 
resistivities are commonly used. Direct surface resistivity measurements cannot be used to quantify the 
amount of susceptor material coated onto one side of certain fibrous substrates of this invention, e.g., 
-woven materials, since, by virtue of the open spaces between the fibers, the coating layer is not continuous. 

5 On the other hand, if the woven fibrous substrate (or fibers thereof prior to weaving) had been immersed in 
the susceptor material, so that the fibers are imbibed with or completely coated with susceptor material, it is 
possible to directly measure the surface resistivity of the composite material. 

Two methods for quantifying the amount of susceptor in or on a substrate have been used in those 
instances where direct surface resistivities cannot be measured. In both of these methods, measurements 

to are made on polyester film coated with an amount of susceptor equivalent to that on the fibrous substrate. 
One method measures the amount of visible light transmitted through 92 gauge polyester film coated with 
susceptor, and another measures the surface resistivity of polyester film coated with susceptor. Thus, for 
example, one can quantify the amount of susceptor on a fibrous substrate by equating it to the amount of 
susceptor which will, when coated onto polyester film, lead to a film with a certain specified Percent Visible 

/5 Light Transmission (%VLT) or surface resistivity. Work to date indicates that, for the composites of this 
invention, amounts of susceptor leading to composites having direct or equivalent surface resistivities in the 
range of about 12 to 5000 ohms/square are useful. Depending on. the end use for the composite material, 
and the wide range of powers of microwave ovens, it is probable that the range of utility could be even 
broader, e.g., from 0.4 to 10,000 ohms/square. Resistivities in excess of 20,000 ohms/square are not easily 

20 defined because of the inaccuracy of the test In the case of all susceptor materials, but especially some of 
the sugar containing materials such as molasses which tend to form continuous films, it is important that the 
amount of susceptor not be so great as to adversely affect the liquid permeability of the composite material. 

It should be noted that a third method, useful in some instances, for determining the amount of 
susceptor involves the use of a quartz oscillator thickness gauge, where the frequency of vibration changes 

25 with the amount of metal deposited onto the substrate. 

Guidelines that establish which heating rates and thermal equilibrium limits are appropriate for wrapping 
a particular food stuff are dependent upon microwave oven heating power, the type of microwave oven, the 
kind and state of the foodstuff (e.g., frozen, refrigerated, dry) and the softening point, if any, of the substrate 
portion of the composite material. Some of the composite materials of this invention may be repeatedly 

30 used as food wraps for exposure in microwave ovens. 

An advantage of the liquid permeable composite materials of this invention, in addition to their ability to 
be used as a packaging material to enhance browning and crisping of a food item, is their ability to absorb 
and carry certain liquid aroma and flavor enhancing agents such as. for example, cooking oils, sauces, 
honey, molasses, or syrups. Tests indicate, for example, that an egg roll wrapped in a composite material 

35 according to this invention to which cooking oil has been applied (e.g., by coating onto the composite 
material, or soaking the composite material in oil) and cooked in a microwave oven more nearly approaches 
the texture, flavor and aroma of a deep fat fried egg roll than egg rolls cooked in a composite material 
which has not been oil treated. 

Since the liquid permeability of the composite materials of this invention is an important feature, two 

40 tests have been devised in an attempt to quantify the liquid permeability of a material, i.e., its ability to 
absorb and transfer moisture: 



Test for Moisture Take-Up 

45 

A 1-inch by 1-inch sample of composite material is weighed for its initial weight, dipped into room 
temperature water for ten seconds, patted dry with a cloth towel, and then reweighed. Moisture pickup in 
milligrams per square centimeter is calculated. 

so 

Test for Moisture Transmission Rate 



55 A 70 gram aliquot of water is placed in a glass bottle (1-11/16" I.D. opening at the top, 2-1/2" I.D. 
bottom, 5" high), and the bottle is then covered with a sample of composite material. (If the substrate of the 
composite material is coated with susceptor material on only one surface, the coated surface is placed face 
down on the bottle, facing the water.) The covered bottle is placed in a nominal 700 watt, one cubic foot 

5 
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jfoisture Takeup of Compe t e Material s 



Substrata 

'Mylar* 

polyester 
film 

coarse 
cotton 

fine 
cotton 

glass 
fiber 

"Kevlar" 

aramid, 

woven 



*Kevlar" 

aramid, 

spunlaced 

*Dacron" 

polyester, 

woven 



Coated Wjf-K 

metallized with 256 ohm/square 
of stainless steel SS304* 

63 ohm/square equivalent 
of stainless steel SS304* 

Ho coating 



63 ohm/square equivalent 
of stainless steel SS304* 

63 ohm/square equivalent 
of stainless steel SS304* 



polyaniline conductive 
polymer** 



'Reemay* 

spunbonded 

polyester 

"WypAll" 
paper 



63 ohm/square equivalent 
of stainless steel SS304* 



polyaniline conductive 
polymer** 

250 angstrom Permalloy 



No coating 



Moisture 
Takeup 
mq/cffi2 



0.0 

9.3 
1.6 
23.3 
24.8 

14.0 
25.7 

15.5 

20.0 
1.5 

18.6 
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Table 1- Continued 
Moisture Tfrkeup of Composite Material? 



Moisture 
Takeup 

Substrain Coated With mq/cm2 

"Softnet" No coating 4.7 

papernet, 

medium weight 

Fine Aluminum flake*** 1.6 

cotton 



* Substrates were vacuum metallized; the amount of 
coating (mg/sq.cm.) was equivalent to that required to 
achieve a vacuum metallized polyester film with the 
indicated surface resistivity, e.g., 63 ohm/square. 
** Substrates were immersed in conductive polymer 
solution 

*** A coating of 60% aluminum flake (Aluminum flake 
S3641, Silberline Manufacturing Company, Lansford, 
Pennsylvania) dispersed in a polyester copolymer 
medium (28% total solid in THF/toluene solvent) was 
gravure printed onto the substrate, in two passes 
using a #33 Trihelical engraving roll. 
"Mylar*, "Reemay", "Dacron" and "Kevlar" are 
registered trademarks of E. I. du Pont de Nemours and 
Company, Wilmington, Delaware, USA. 
"WypAll* is a product of Scott Paper Company, 
Philadelphia, Pennsylvania, USA. 

"Softnet* is a product of Johnson & Johnson Products, 
Inc., New Brunswick, New Jersey, USA. 

Tables 3 and 4 provide more information regarding the 
substrate and susceptor materials. 
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Table 2 

Wojsture_TransTniBs1nn Rate fnr n^ p osi ^ Mw< . or <ml . 



Fine cotton, 
uncoated 

Fine cotton, 
SS304, 14% VLT* 

Fine cotton, 
5S304, 8% VLT* 

Fine cotton, 
SS304, 2% VLT* 

Coarse cotton, 
uncoated 

Coarse cotton, 
SS304, 14% VLT* 

Coarse cotton, 
SS304, 8% VLT* 

Coarse cotton, 
SS304, 2% VLT* 

•Reemay" spunbonded 
polyester, uncoated 

*Kevlar" aramid 
spunlaced, uncoated 

-WypAll- paper, 
uncoated 

•Softnet* papernet, 
medium weight, un- 
coated 

■'Dacron" polyester 
woven, uncoated 



Moisture 
Transmitted 

fmg/so. cm/mi n T ) 

359.6 
317.8 
362.7 
324.0 
373.6 
325.5 
334.8 
308.5 
409.2 
322.4 
235.6 
238.0 



370.5 



Moisture 
Absorbed 

fffq/sa. cm/mi n.l 

0.8 

2.0 

0.6 

0.5 

1.9 

2.2 

1.9 

1.9 

4.8 

2.0 

1.1 

0.3 

2.5 
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Table 2- ggr&jjmgg 
Moisture Transmission Ra te for Composite Materials 



Mo i sture Moisture 

Transmitted Absorbed 

Glass fiber , 269.7 1.4 
woven , uncoated 

Fine cotton, 33 0.2 1.7 
Aluminum flake** 



* Substrates were vacuum metallized; the amount of 
coating (mg/sq.cm) was equivalent to that required to 
achieve a vacuum metallized 92 gage thick polyester 
film with the indicated %VLT (Percent Visible Light 
Transmission) . The higher the %VLT, the lighter is 
the metal coating weight, e.g., 2% VLT is heavy, 8% 
VLT is medium, and 14% VLT is light coating weight. 
** A coating of 60% aluminum flake (Aluminum flake 
S3641, Silberline Manufacturing Company, Lansford, 
Pennsylvania) dispersed in a polyester copolymer 
medium (28% total solid) was gravure printed onto the 
substrate, in two passes using a #33 Trihelical 
engraving roll. 
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Description of Sabstgate M atgEj&J 



Thickness 
lYES Cpqnt fmilsl 

Woven Substrates: 

"Dacrpn" 19x19 12 
polyester 

Coarse 23x20 31 
Cotton 

Fine 64x65 10 

Cotton 

"Kevlar" 17x17 10 
aramid 

Fiber- 16x14 12 
glass 

Non-woven Substrates: 

*Reemay" 11 . 3 

spunbonded 

polyester 

-Kevlar- 15#2 

spun laced 

aramid 

-WypAll- 22.1 
paper 

"Softnet* 9.5 



Weight Manu- Style 

1000 den. jp Stevens 29005 

9-0 WP Pepper- 14- 

ell 1002-20 

2.6 Staple 1603 

Sewing Aids 

5.0 Du Pont 281 

9.6 Hi -Pro-Form 1800 



2.0 Du Pont 



2.0 Du Pont 



2.7 Scott 057005 



1.3 Johnson HRI8137 
4 Johnson -4121 
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gusceptoy Materials 



Metal 


Stainless 


Steel 


Permalloy 


Mu-Metal 


Aluminum 




SS304 


SS316 


4-79 






COMPO- 












SITION 












(%) 












c 


0. 08 


0. 08 








Mn 


2. 


2. 


0.3 






P 


0. 045 


0.045 








S 


0.03 


0.03 








— • 
Si 


1.0 


1. 0 








Cr 


18. /20. 


16. /18. 




2. 




Ni 


8./12. 


10. /14. 


79. 


75. 




Mo 




2./3. 


4. 






Cu 








5. 




Fe 


balance 


balance 


balance 


balance 




Al 










100 


Bulk 












Resis- 












tivity 


72. 


74. 


55. 


62. 


2.7 



(microhm-cm) 

Permeability 
620 gausses 



2 OK 



20K 



Tabulated from CRC Handbook of Chemistry and Physics, 
55th Ed. 



40 For the purposes of this invention, composite materials with a moisture takeup, measured as described 
above, of at least 0.5 mg/sq.cm, preferably of at least 1.0 mg/sq.cm, and with a moisture transmission rate, 
also measured as described above, of at least 50 mg/sq.cm/min., preferably at least 200 mg/sq.cm/min., are 
preferred. 

To use the composite materials of this invention, one wraps a food item to be cooked in the composite 
45 material in such a way that the composite material conforms substantially to the shape of the food item and 
is substantially in contact with that portion of the surface of the food item which is desired to be browned 
and/or crispened. The wrapped food item is then exposed to microwave energy. The susceptor material in 
or on the composite converts a portion of the microwave energy to heat and heats the adjacent surface of 
the food item by conduction to a sufficiently high temperature to crisp or scorch it. By virtue of absorbing 
50 and/or transmitting to the atmosphere liquids evolved during the cooking, the composite materials assist in 
drying the surface of the food item, thereby enhancing browning and crispening. In the meantime, the 
microwave energy transmitted through the composite material heats the interior of the food item. * 

Composites of this invention are illustrated in the following examples. Unless otherwise indicated, the 
microwave ovens used in experimentation described in the examples were either an Amana "Mastercook" 
55 Model RR-1220 (Amana Refrigeration Company, Amana, Iowa, USA) or a Sharp Carousel II Model R-8260 
microwave oven (Sharp Electronics Corporation, Paramus, New Jersey, USA.) Both are nominal 700 watt, 
one cubic foot ovens, and are referred to in the Examples, respectively, as an "Amana microwave oven" 
and a "Sharp microwave oven". 
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Example 1_ 



70 



75 



20 



•• Ke rt^~ T top side of , r x i 2 » samples of 

aluminum spray paint of the type used to cove ^exhaust s ^ J 1 *7? Spr3y P3inted with 

the sample was covered with paper the SQ T V rTT I*?™ ° n automobi| es- each case, one half of 
spray continued for five aS^'hS^.Sf^f 2T 2 °" " d 25 "' ,r ° m the c,oth - and the 
in this example were not measured; S^^S^IK " T' ^ C ° atin9 W6i9htS 00 the fabrics 
weights were probably between 7X M mSTSJSST dTweigm ' materia ' S the C ° atin9 

touching th°e at to d p a o r ft £1 ana SJ^rt S^V P ° rti0n ° f * e *ft 

550-watt oven. I to^eTj^ZT^^T" 9 ** ^ "~ "**» h 3 
-mT^T^S^,?^ "V f Ce - - -Posed in a microwave oven in the 

appearance of the iZSSZ surfaces of the bS 5S 5 *"* S ° ^ WaS "° difference in 016 
that contact of the cloth with the^surface of Lme fnS'l * ^ * S " 9ht buff - This resu,t Mc *** 

that ^-:^^^ ideal brownin9 and 

550-watt oven, one couW SeaT SSSTSZlT'l T"*" the t0p - After minutes in a 
unmeta.lized portion of the doth" ^SS^S^S^ 1 f ^ meta, " 2ed P ° rti ° n and the 
the top; the top was not nearly as crisp and hard mUCh CriSp6r ' harder and darke ' «™ 



25 



Example 2 



30 



35 



po-yanS^ bread was wrapped in a sing.e-.ayer of 

a 1/4" "Teflon" P0(yl«lu£^ 

Wilmington. Delaware), and put into an AmaJ dU P ° nt de Nemours and Company. 
Within ten seconds, steaming^ observed A W^nrohTr? Z " ** ^ ** 30 SSCOnd ^ 

Luxtron Corporation. MountSnview. CaWomia JsA ) olJZ J^T^T^ Themo ™^ System. 

browning occurred otherwise JEjS arSiS^rr^SET 



40 Example 3 



45 



50 



55 



^teSr::::^:-^ «~ « «*, w,, da r k 

Brer Rabbit Green Label. Dark Full Flavored New otS? S^"" ^ (The m0,asses used was 
De, Monte Corporation. San *anc.l^ ^ributed by 

coarse cotton material, and the result.™ ma t^J 1 arying amoun ts of molasses were coated onto the 
egg roll (flo^^tlT .f """^ ar ° Und 3 comm ercially available frozen 
wrapped egg^lls wC-a^ ™ dia ^ <ong>. The 

partitions for moisture to escape from the bSSSSTtS^l 9 ' ° m Sq ° are With nine 5 cm b * 5 cm 
for the times indicated below in TabTe 5 As ! conlf f n P m,cr0wave ^ a " d COOked at " hi 9 h " W 
circumstances. Observations a e pSenL fn Table 5 """^ r °" ^ C °° ked U " der the same 
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Amt. Molasses on 
Cotton (7nq/qy\ 2 ) 



Cooking Time 



Qbs^rvatjops 



70 



15 



20 



25 



20.2 
40.0 

56.4 
65.3 



None 



140 
140 

150 
140 



140 



Brown, no burning, 

not soggy 
Brown , no burning, 

not soggy - 

best results 
Brown, end burned, 

not soggy 
Brown, no burning, 

not soggy, 

excess residue 

bum in cloth 
Some browning on 
ends, soggy 



Alternatively, package instructions for the egg rolls suggest cooking for 15 minutes in a 350 deg F 
30 conventional oven. 



Example 4 

35 

This example illustrates the use of a composite material of this invention which has been additionally 
treated with a liquid flavor enhancing agent, cooking oil. Coarse cotton substrate vacuum metallized with 2% 
VLT stainless steel 304 was coated with varying amounts of vegetable oil (Wesson Oil, Light & Natural, 
100% All Natural Vegetable Oil, by Beatrice Companies, Inc., Fullerton, California, USA). The oil-treated 

4 o composite materials were wrapped around commercially available frozen egg rolls ("Kung Fu" shrimp rolls, 
Vaidez Foods Inc., Philadelphia, PA, approximate size 1-3/8" diameter, 4-1/2" long). The wrapped egg rolls 
were placed on a cardboard stand as described in Example 3 in a Sharp microwave oven and cooked at 
"high" power for four minutes each. Several control experiments were also run: an egg roll with no 
wrapping, an egg roll wrapped in coarse cotton only, an egg roll wrapped in coarse cotton vacuum 

4 $ metallized with 2% VLT equivalent of stainless steel 304, an egg roll wrapped in aluminized polyester film, 
and an egg roll wrapped in aluminized polyester film in which six 1/4" holes have been punched evenly 
spaced throughout the film. (The aluminized polyester film used in the controls is a commercially utilized 
microwave susceptor composite material, having been removed from the platform trays for Pillsbury 
Microwave Pizza. The Pillsbury Company, Minneapolis. Minnesota, USA.) The cooked egg rolls were rated 

so for both browning and crisping on a scale of 1-3, with 1 being poor and 3 being best. These ratings and 
other observations are presented in Table 6. Alternative means for cooking the frozen egg rolls entails 
thawing them for at least three hours followed by deep fat frying in 350 deg F oil for about four minutes. 
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Table 6 



10 



15 



20 



25 



30 



35 



40 



45 



Amt. Oil 

34.0 
39.2 

44.0 
48.3 



Browning 
Scale 

3 
3 

3 
3 



Crispness 

3 
3 

3 
3 



Control- 
no wrap 3 

Control - 
plain 

cotton 2 

Control- . 
stainless 
steel metallized 
cotton , no 
oil 2 

Control - 
alumn. poly- 
ester film, 
no holes 2 

Control - 
alumn. poly- 
ester film, 
six holes 2 



pbservatjons 

Very good 
Ends slightly 

burned 
Very good 
Very good 



OK 



Soggy 



OK 



Nonuniformly 
browned 



Nonuniformly 
browned 



50 



Example 5 



55 



PM on a pape, p,.,e „ . turntabl . rMSiTJSt^ 
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USA) in an Amana microwave oven and cooked at full power for varying times depending on the piece of 
chicken: 

chicken wings - 2 minutes 

drumsticks - 2 minutes 
5 thighs - 3 minutes 

breast portions - 3.5 minutes 
Good results, i.e., crisp and dry skin, were obtained for these cooking times. In a control experiment, pieces 
of chicken cooked for the same amounts of time but with no wrapping were found to be greasy and soggy. 
Alternatively, package instructions for the chicken require 30 minutes in a 375 deg F conventional oven. 

70 

Example 6 



75 Coarse cotton cloth vacuum metallized with 2% VLT stainless steel 304 and varying amounts of honey 
was used to wrap breast portion pieces of the same type of commercially available fried chicken as used in 
Example 5. (The honey used was Buckwheat "Dutch Gold" Pure Honey, Dutch Gold Honey, Inc., Lancaster, 
Pennsylvania, USA.) The wrapped pieces were cooked for 3.5 minutes each in a Sharp microwave oven at 
"high" power, and after cooking, were rated on a scale of 1-3 for browning and crispness. Results are 

20 presented in Table 7. 

Tgfrl? 7 



25 Amt. Honey Browning Crispness 

(ma/cmZ) Scale Scale pfrseryati9ng 

42,3 2 2 Cloth burned 

66.0 3 3 Cloth burned 

30 

79.3 3 3 Cloth burned 



35 

Example 7 



Commercially available fried chicken breast-portion pieces were securely wrapped in the following 
^ materials: 

A: coarse cotton, vacuum metallized with 2% VLT stainless steel 304 and coated with 76.9 mg/sq.cm 
vegetable oil (Wesson brand) 

B: coarse cotton, no coatings 

C: coarse cotton, coated with 69.3 mg/cm 2 vegetable oil (Wesson brand) 
45 D: no wrapping 

The wrapped chicken pieces were cooked for four minutes each at "high" power in a Sharp microwave 
g oven. Ratings and observations are presented in Table 8. Alternatively, package insturctions for the chicken 

required 30 minutes in a 375 deg F conventional oven. 
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Table a 



10 



Sample 
A 
B 
C 
D 



Browning 
Scale 
3 
1 
1 
2 



Crispness 
Scale 
3 
1 
1 
2 



Observatinng 
Good, cloth burned 
Very soggy 
Soggy 
OK 



15 



Example 8 



Table 9 



25 



30 



35 



40 



45 



Substra te-Susffop -f^r 
Coarse cotton-SS304 
"Kevlar m -ss304 
Glass Fiber-SS304 
"Dacron^-sss 04 
Crse.Cotton-Al 



Time Cooked in Seconds at a 
relative coating thickness* of 
£3ohW^sq 125ohm/sq 250ohT n / g g 



61-64 
55-59 
55-58 
50-60** 
45-50 



55-63 
55-80 
55-80 

50-55 



Crse.Cotton-Mu-metal fabric burned 45 
Crse. Cotton-Permalloy * 45 



60-70 
60-70 
55-80 

50-55 
40-45 
50-55 



50 



♦Thickness equivalent to that on polyester film which 
would provide the indicated resistivities. 
**Fabric melted at corner points at 55 seconds. 
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Exampfe 9 



The experiment of Example 8 was repeated except that, as the composite susceptor material, 
5 substrates treated with a dispersion of aluminum flakes in a polyester copolymer medium were used. In 
Example 9A. a coating of circular aluminum flakes ("Y" flakes, Kansai Paint Company, Hiratsuka, Japan) in 
a polyester copolymer medium was applied to a paper towel with a 2-mil doctor knife. In Example 9B t fine 
cotton was gravure printed with a dispersion of aluminum flakes (Silberline 3641, Silberline Manufacturing 
Co., Lansford. PA, USA) with two passes of a #33 Trihelical engraving roll for a total of 2.5 mg/sq.cm dry 
w coating weight. Egg rolls wrapped in the susceptor material of Example 9A were cooked acceptably (i.e., 
brown and crisp surface, moist interior) in an Amana microwave oven within 60-80 seconds. Egg rolls 
wrapped in the susceptor material of Example 9B were cooked acceptably in the same oven in 90-110 
seconds. 

75 

Claims 

1. Composite materials for wrapping around a food item to be cooked in a microwave oven comprising 
a drapable. liquid permeable, woven or non-woven, fibrous, dielectric substrate, which substrate, or fibers of 

20 which substrate, are coated and/or imbibed with one or more microwave susceptor materials, the amount of 
said susceptor material(s) being sufficient to generate adequate heat to rapidly brown or crispen the surface 
of food item adjacent thereto without substantially impeding the ability of the microwave energy to penetrate 
the susceptor material and cook the food item. 

2. Composite materials according to Claim 1 capable of absorbing or transmitting a substantial portion 
25 of the moisture evolved at the surface of the wrapped food item during cooking of said item, thereby 

enhancing the browning and crispening of the surface of said item. 

3. Composite materials according to Claim 1 or Claim 2 which exhibit a moisture takeup of at least 0.5 
mg/sq.cm and a moisture transmission rate of at least 50 mg/sq. cm/minute. 

4. Composite materials according to Claim 1 or Claim 2 which exhibit a moisture takeup of at least 1.0 
30 mg/sq.cm and a moisture transmission rate of at least 200 mg/sq.cm/minute. 

5. Composite materials according to any one of Claims 1 to 4 where said substrate is made from fibers 
selected from cotton, cellulose, jute, hemp, acetate, fiberglass, nylon, polyester, aramid, polypropylene and 
other poiyoiefins. 

6. Composite materials according to any one of Claims 1 to 4 where said substrate is paper or a woven 
35 cotton or fiberglass fabric. 

7. Composite materials according to any one of Claims 1 to 6 where said susceptor materials are 
selected from aluminum, stainless steel, nickel/iron/molybdenum alloys and nickel/iron/copper alloys. 

8. Composite materials according to any one of Claims 1 to 6 where said susceptor materials are 
selected from mono-and poly-saccharides and ionically conductive flavor agents. 

40 9. Composite materials according to any one of Claims 1 to 6 where said susceptor material is 
aluminum flake. 

10. Composite material according to any one of Claims 1 to 9 where said composite material is coated 
or imbibed with an aroma or flavor enhancing agent. 

1 1 . A method of making a composite material of Claim 1 or Claim 2 comprising applying said one or 
45 more susceptor materials to said woven or non-woven substrate or fibers thereof by a method selected from 

the group consisting of vacuum chemical vapor deposition, vacuum metallization, radio frequency sputter- 
ing, printing, and electrolytic processes or baths. 

12. A method of cooking a food item with microwave energy and achieving browning and/or crispening 
of the surface of said food item comprising wrapping said food item in a composite material of Claim 1 or 

so Claim 2 in such a way that said composite material conforms substantially to the shape of said food item 
and is substantially in contact with that portion of the surface of said food item which is desired to be 
browned and/or crispened, and exposing said wrapped food item to microwave energy. 
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